In the framework of top-color assisted technicolor(TC2) theory, we study the four decay processes of charged top-pion, i.e., Π t is easier to be detected than heavy one at future coliders. So, the study provides us some useful information to search for charged top-pion.
I. Introduction
The large top quark mass suggests new dynamics, potentially associated with electroweak symmetry breaking(EWSB). The Glashow-Weinberg-Salam (GWS) theory has obtained great success in describing the electromagnetic and weak interactions, but the mechanism of electroweak symmetry breaking is still unclear. So, probing the mechanism of EWSB will be one of the most important task both in the theoretical research and at the future high energy colliders. To find the source of mass, we must find the cause of EWSB and the cause of flavor symmetry breaking. The standard Higgs Model, which bases on the gauge group SU(3) C SU(2) W U(1) Y , accommodates the symmetry breakings, but the standard model doesn't explain the dynamic mechanism of the mass generation, and the scalar sector suffers from two serious problems: the gauge hierarchy and the triviality.
A new strong dynamics theory, technicolor(TC) model introduced by Weinberg and Susskind [1] , offers a new insight into possible mechanisms of electroweak symmetry breaking. This kind of strong dynamical models of EWSB have evolved in the past dozens of years. In order to generate the masses of quarks and leptons, the extended technicolor has been introduced. The simplest QCD-like extended technicolor model [2] leads to a too large oblique correction S parameter [3] , and is already ruled out by the CERN e + e − collider LEP precision electroweak measument data [4, 5] . Various improvements have been proposed to make the predictions consistent with the LEP precision measurement data. As late as 1990s, we arrived at a viable model in which a new dynamic, topcolor, can coexist and the top quark acquirs a dynamical mass through topcolor. Such model, called topcolor assisted technicolor model(TC2) [6] , is consistent with the experimental limits and predicts a rich phenomenology that may be accessible to the colliders.
In TC2 theory, the electroweak symmetry breaking(ESB) is driven mainly by technicolor interactions, the extended technicolor give contributions to all ordinary quark and lepton masses including a very small portion of the top quark mass: m ′ t = εm t (0.03 ≤ ε ≤ 0.1) [7] . The topcolor interactions also make small contributions to the ESB and give rise to the main part of the top mass (1 − ε)m t . One of the most general predictions of TC2 model is the existence of three Pseudo-Goldstone Boson in a few hundred GeV region, so called top-pions: Π 0 t ,Π ± t . The physical particle top-pions can be regarded as the typical feature of TC2 model. Thus, probing the possible signature of top-pions at the high energy colliders is a good method to test TC2 model. In order to determine which channel is the best one to to search for top-pions, we need to know its decay branching ratio of each decay modes. The decay branching ratio of neutral top-pion has been calculated in Ref. [8] . The results show that the flavor-changing mode Π 0 t → tc is the best one to search for neutral top-pion. In this paper, we calculate the decay branching ratio of charged top-pion systematically which can help us to search for charged top-pion. This paper is organized as follow: In section II, we present the calculation of the Π The relative couplings of Π + t can be written as follow [9] 
where tan β = ( υw υt
GeV is the electroweak symmetry breaking scale, K bb U L is the matrix element of the unitary matrix, K U L from which the Cabibbo-Kobayashi-Maskawa(CKM) matrix can be derived as 
With above coupling, the charged top-pion can decay to tb and cb at tree level. On the other hand, the charged top-pion can couple to a pair of gauge bosons through a triangle loop or a self-energy loop. Calculating the relative loops, we obtain the effective couplings of Π With above discussion, we know that the charged top-pion can also decay to W + Z and W + γ at loop level. The Feynman diagrams of the decay modes are shown in Fig. 1 .
As we know, Π + t is a Pseudo Goldstone Boson and its spin is zero, the outcoming particles must keep the total spin invariable. So, in the channels of Π
the helicity of the two outcoming particles must be (++), (−−), (00)(Due to the mass of photon is zero, the case of (00) dose not exist in the decay mode Π
With above discussion, we can directly write the amplitudes of these channels
III. The numerical results and conclusions
To determine which channel is the ideal one to search for the charged top-pion, we need to calculate the decay branching ratio of each decay mode. The decay branching ratio can be + t → tb is the dominent decay mode, we should detect charged top-pion via tb channel, but the background of tb channel is large. On the other hand, the total decay width is very large for heavy charged top-pion, so, it is more difficult for us to detect heavy charged top-pion.
Comparing with the tree level process, the decay branching ratio of loop level processes . It is more difficult to detect heavy charged top-pion with large background and large total decay width. 
